Background/purpose: Photograph-based visual scoring has been used for evaluation of facial morphological changes. Here, we describe a three-dimensional computed tomography (3D-CT) method for objective analysis of facial and intra-facial (subcutaneous) changes. The effects of facial massage were examined using both methods. Methods: Subjects were 12 healthy female volunteers without facial scars or deformation (age 30-54 years, mean 39.4 years). Photograph-based scoring of massage-induced morphological changes was done at the nasolabial folds, upper, lower and lateral cheeks and lower eyelids. For 3D-CT evaluation, the virtual center axis (VCA) was set as the craniocaudal longitudinal line, and the VCA-skin surface distances (VSDs) were measured. Massage-induced changes of VSD were calculated (facial massage-induced change rate, FMCR). Intra-facial (subcutaneous) changes were also evaluated. Results: Photograph-based scoring revealed marked morphological changes of the nasolabial folds after facial massage, and changes of the lower, upper and lateral cheeks and lower eyelid were also observed in more than half of the subjects. FMCR values were significantly changed in the paranasal area, nasolabial fold area and cranial part of the mandibular area. Photograph-based scores at the lower cheek and lower
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Accepted for publication 18 October 2016 F ACIAL MASSAGE is widely performed for relaxation and beauty treatment, and is wellknown to affect skin color and facial sagging, but the effects of massage have so far been evaluated mostly by subjective visual methods (1) (2) (3) . There has been little research on the mechanisms of massage-induced facial shape changes, and no objective method has been available to evaluate changes of internal facial structures, such as subcutaneous fat tissues and facial expression muscles, caused by massage.
Due to advances in diagnostic imaging equipment, computed tomography (CT) is widely used for diagnosis and screening examinations (4) (5) (6) (7) . In particular, multi-detector-row CT (MDCT) can provide three-dimensional (3D) CT images (8) of face and body shape, as well as subcutaneous structures (4, 5, 9, 10) .
Therefore, in the present study, we set out to establish a 3D-CT method to analyze facial morphology and intra-facial structure objectively, and we used this method to examine the effects of facial massage, in comparison with a photograph-based visual evaluation method. The efficacy of massage for improving facial morphology was confirmed by both methods, and 3D-CT could also visualize the changes in subcutaneous structures.
Materials and Methods
This study was approved by the institutional review boards of Mita Hospital of International University of Health and Welfare and Shiseido Global Innovation Center. Informed consent was obtained from all subjects.
Subjects
Twelve healthy Japanese female volunteers (30-54 years, mean age 39.4 years) with no facial scars or deformation were enrolled in this study.
Facial massage method
Using cosmetic cream as a lubricant, facial skin and muscles were massaged with the aim of relaxing the muscles, and promoting blood and lymph flow. The massage procedure consisted of first kneading the entire facial muscles with a finger tip, followed by upward rubbing from the bottom to the top of the face with a whole finger in the order of face line, cheek, forehead, and eyes, and finally rubbing from the bottom to the top of the entire face with all four fingers (total time: about 5 min). This massage was repeated twice.
Photograph-based scoring of the effect of massage Subjects were asked to sit in the same pose before and after massage, and black-and-white photographs of the left side, front and right side of the face were taken with a high-quality digital camera (Fig. 1) , which was placed on a tripod at the same height as the face, approximately 100 cm from the subject. Massage-induced changes at the nasolabial folds and sagging at the lower, upper and lateral parts of the cheek, and the lower eyelid were scored as reported by Ezure et al. (11) (12) (13) . Briefly, pre-and post-massage photographs were examined side-by-side by two experienced researchers and changes were graded in increments of 0.5 in the range from 0 to 2: score 0 represents no difference, score 1 represents a small change, and score 2 represents a distinct change. Evaluation was performed independently and a unified score was agreed through consultation.
3D-CT imaging and analysis of the effects of facial massage Computed tomography examination was performed before and after facial massage by a radiologist and a radiological technician (HN). Scans of the whole head were carried out with a tube voltage of 120 kVp, tube current of 200 mA, exposure time of 1.0 s, and slice thickness of 0.5 mm by a 64-multi-detector row CT (MDCT) scanner (Aquilion 64; Toshiba Medical Systems, Tochigi, Japan). 3D-CT images were reconstructed on a Ziostation2 (Ziosoft Inc., Tokyo, Japan) workstation.
To evaluate soft tissue, a virtual center axis (VCA) was defined as a cranio-caudal longitudinal line passing from the dental process of the second cervical vertebra through the center of the head (Fig. 2a) . A grid of four vertical lines and fifteen horizontal lines was drawn on the left half of the face. Fifty-two intersection points excluding those on the nose and mouth Photograph of left anterior oblique position with the eyes closed after massage. Visual evaluation was carried out at the lower eyelid (one arrowhead), nasolabial fold (two arrowheads), the upper cheek (one arrow), the lower cheek (two arrows), and the lateral cheek (three arrows).
were selected as measuring points ( The VCA-surface distances (VSDs) were defined as the distance from the VCA to the measuring points (Fig. 2c) . The VSDs were measured before and after massage (VSDpre and VSDpost respectively). The massage-induced changes of the VSD (facial massage-induced change rate; FMCR) were calculated by means of the following formula.
FMCR ð%Þ ¼ 100 Â ðVSDpost À VSDpreÞ=VSDpre
Statistical analysis
The average values of VSDpre and VSDpost at the 52 measurement locations were compared by means of a paired t-test. The correlation between photograph-based evaluation results and FMCR values was analyzed by the use of Spearman's rank correlation coefficient test. P-values less than 0.05 were considered statistically significant.
Results
Photograph-based evaluation of the effects of massage on facial sagging The results of visual assessment of the effects of massage on facial sagging are summarized in Table 1 . Massage appeared to have the greatest effect on the nasolabial folds. Although some subjects were judged as showing no change after massage, the majority showed massageinduced changes. 
3D-CT evaluation of the effects of massage on facial morphology
The average values of FMCR, except M-70, E-70, L-30, and L-65, were increased in all 12 subjects, as shown in Fig. 3a . The thickness of the subcutaneous tissue tended to be increased by facial massage. In particular, the FMCR values of the paranasal area, area of the nasolabial folds, and the cranial part of the mandibular area were significantly increased (Fig. 3b) .
In the other hand, FMCR values at M-70, E-70, L-30, and L-65 were decreased; i.e., the thickness of the subcutaneous tissue tended to be decreased by facial massage in these areas. These measuring points are located in the caudal portion of the cheek area and the mandibular area.
Relationship between photograph-based scores and FMCR values
In order to compare the results of the two types of measurements, the measurement areas of FMCR were divided into six larger areas (orbital area, paranasal area, superior area of the nasolabial fold, inferior area of the nasolabial fold, cheek area, and mandibular area; Fig. 4) , where features of aging typically appear. The average values (mean AE SD) of the FMCR in each of the six areas were calculated for each subject, and then the correlation between the absolute values of FMCR of each area and the photograph-based scores of each individual was examined. The values of correlation coefficient R are shown in Table 2 . Although most of the correlations were weak, we found statistically significant positive correlations at the mandibular area (Fig. 5a ) and at the inferior area of the nasolabial fold (Fig. 5b) .
Effect of massage on intra-facial structures
As shown in Fig. 6 , 3D-CT analysis showed that the cheek top was moved upward by facial massage. Furthermore, the thickness of the adipose tissue in the cheek was increased, and the configuration of facial expression muscles was also changed.
Discussion
Current CT technology affords high-resolution images with extremely low X-ray doses, and is therefore considered safe for routine screening and clinical practice (4) (5) (6) (7) (14) (15) (16) . Helical scanning, as employed in MDCT, provides data from which detailed 3-D CT images can be reconstructed. Here, we applied this technology to study facial morphology, including the structures of intra-facial tissues. As the facial bone morphology and the thickness of the soft tissue show marked inter-individual variation (17, 18) , we adopted a virtual cranio-caudal longitudinal line (VCA) as a reference, and calculated the distances of various structures from it. We found that this approach enabled highly reproducible measurements.
In this study, we utilized the above 3D-CT approach to examine the morphological changes caused by facial massage, and we compared the results with those of photograph-based visual scoring. Monochrome photographs were used, because shape recognition might be affected by changes of the skin color due to increased blood circulation induced by massage. Nevertheless, visual assessment of 3D facial structures from 2D photographs has intrinsic limitations, and we considered that objective evaluation by measuring distances from the VCA in 3D-CT images should be superior for evaluating small changes of facial morphology, as well as changes of intra-facial structures, which cannot be accessed by visual observation. Indeed, the 3D-CT measurements revealed that facial massage caused morphological changes at multiple locations on the face. It is noteworthy that FMCR values at the mandibular area were negative, suggesting that the subcutaneous soft tissue around the jaw might be tightened by massage. Moreover, FMCR values at the upper side of the mandibular area were positive, suggesting that soft tissues were moved upward at sites around the jaw; this was supported by sagittal CT images, which indicated that the thickness of fat tissue at the nasal wing was increased after massage. The shapes of the facial mimic muscles were also changed after massage, as shown in Fig. 6 . There were statistically significant correlations with the results of photographbased scoring at the mandibular area and the inferior area of the nasolabial fold.
The nasolabial folds are groove-like structures running outside of the nasal alae and the corners of the mouth. They are easy to evaluate visually. Moreover, VSDpost was significantly 
Zygomaticus major muscle. Sagittal 3D-CT images show that the cheek top is moved upward by facial massage, and subcutaneous changes are seen. The thickness of the adipose tissue in the cheek is increased, and the configuration of the facial expression muscles is also changed. Axial CT images: Auxiliary lines are drawn in the same locations on both axial images. The skin surface has moved to the ventral side of the auxiliary lines (arrowheads) due to increase in thickness of the soft tissue after massage. The configuration of the facial expression muscles is also changed.
[Colour figure can be viewed at wileyonlinelibrary.com].
increased outside of the nasolabial fold. In the deep layer, the nasolabial fold, the skin and orbicularis oris muscle are anatomically firmly attached to each other. The adipose tissue outside of the nasolabial folds is thick and forms the shape of the cheek. Therefore, we suspect that massage did not greatly affect the shape of the nasolabial folds, but rather caused morphological changes of the cheek, which altered the appearance of the nasolabial folds. Our study has some limitations. First, the study population was small. The reproducibility of the 3D-CT findings should be confirmed in a larger population. Also, we measured the distance from the VCA to the skin surface, but did not directly measure the thickness of the subcutaneous soft tissue. In this preliminary analysis, we focused on sites where morphological changes were caused by massage (Fig. 6) . Further work will be needed for detailed analysis of the facial muscles and subcutaneous adipose tissue.
In summary, we evaluated the effect of facial massage utilizing a novel 3D-CT analysis, and compared the results with those of visual evaluation. Massage appears to influence the entire face, as judged from the 3D-CT results, and this may be one reason why visual evaluation is difficult. Even though the correlation between 3D-CT analysis and visual evaluation is only partial, the combination of both methods may be helpful to evaluate the effects of facial massage in detail. 3D-CT also enables us to recognize anatomical changes in the subcutaneous structures of the face. Our analysis provides objective evidence for the efficacy of facial massage.
